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Aims and objectives: To evaluate intensive care unit (ICU) nurses' knowledge of the updated
guidelines for the prevention of intravascular catheter-related infections; to identify the
factors that affect the nurses' knowledge and to explore the barriers to adherence to
evidence-based guidelines in clinical practice in China.
Methods: Cross-sectional surveys were carried out in Chinese ICUs from January 2013 to
March 2014. The nurses' demographic information, knowledge of the guidelines, and bar-
riers to adherence were assessed by a validated questionnaire and then analyzed
statistically.
Results: The questionnaires were completed by 455 ICU nurses from 4 provinces of China.
The mean score was 8.17 of 20, and higher scores were significantly associated with
province, years of experience, and years of ICU experience. Forty-nine (10.7%) nurses had
not heard of the guidelines, whereas 231 (50.7%) nurses heard of the guidelines but did not
receive training for them. Trained nurses' scores were higher than untrained nurses'
scores. The three main barriers to compliance with the guidelines were an unfamiliarity
with them, an excessive workload due to a shortage of nurses, and a lack of training.
Conclusions: ICU nurses' knowledge of the updated guidelines is quite low, which could be a
potential risk factor for patient safety. Multidisciplinary interventions and continuousang).
Nursing Association.
g Association. Production and hosting by Elsevier (Singapore) Pte Ltd. This is an open access
://creativecommons.org/licenses/by-nc-nd/4.0/).
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guidelines.
Copyright © 2015, Chinese Nursing Association. Production and hosting by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Intravascular catheters are commonly used in the intensive
care unit (ICU) for infusion and drug administration, as well as
for nutritional and hemodynamic monitoring [1]. However,
using an intravascular catheter inappropriately can lead to a
catheter-related bloodstream infection (CRBSI) which can
increase hospital costs and the length of stay [2e4]. In order to
minimize the incidence of CRBSIs, the Centers for Disease
Control and Prevention (CDC) has published guidelines for the
use of intravascular catheters. These guidelines emphasize
education and training, maximal sterile barrier precautions,
use of >0.5% chlorhexidine preparations with alcohol for skin
antisepsis, avoiding routine replacement catheters, and
implementing bundled strategies [3,4].
Compliance with these guidelines is extremely important
for reducing the incidence of CRBSIs and their associated
healthcare costs, and to improve patient outcomes [3,4].
Several studies have indicated that a lack of knowledge and
skills is one of the main barriers to evidence-based medical
practice [5e7].
Nurses play important roles in the maintenance and
surveillance of intravascular catheters and the control of in-
fections. However, proper procedures are not always applied
by nurses. Nurses' lack of knowledge may be a barrier to
adherence to evidence-based guidelines for preventing
CRBSIs. Although knowledge does not ensure compliance,
misconceptions about effective interventions maybe lead to
inaccurate decision-making [8]. Reductions in the CRBSI rate
occurred after educational programs were conducted on risk
factors and strategies to prevent infection, providing indirect
evidence for the value of knowledge [9,10]. A literature
review reported that educational interventions greatly
reduced CRBSI rates in patients with central venous catheters
in the neonatal ICU [11]. Furthermore, the latest CDC
guidelines [3] emphasize the importance of staff knowledge in
preventing CRBSIs and of educating and training healthcare
personnel who insert and maintain catheters. Therefore,
higher levels of nurses' knowledge are strongly related with
lower CRBSI rates.
A multicenter survey showed that 3045 European ICU
nurses' knowledge regarding CRBSIs needed improvement
[12]. However, there have been limited studies evaluating
Chinese ICU nurses' knowledge of the current CDC guidelines
for preventing CRBSIs. Therefore, it is necessary to evaluate
ICU nurses' knowledge of the newest guidelines in China.
This survey aims to assess Chinese ICU nurses' knowledge
of the CDC's “Guidelines for the Prevention of Intravascular
Catheter-related Infections (2011)”, and to identify barriers to
compliance with evidence-based guidelines.2. Study design and methods
2.1. Ethics statement
Participation in this study was voluntary. Participants gave
written informed consent before data collection and filled out
the questionnaire anonymously.
2.2. Study design
This multicenter study was designed as a cross-sectional
survey, undertaken from January 2013 toMarch 2014 in China.
2.3. Setting and participants
Convenience sampling was used in this study. ICU nurses
were selected from a class-three teaching hospital and a
specialist nurse training class in Jiangsu province, a class-
three teaching hospital in Shanxi province, two class-three
teaching hospitals in Hunan province, and five class-three
teaching hospitals in Xinjiang province.
2.4. Data collection
We distributed questionnaires to the participants and gave
them instructions face-to-face. We asked them to fill out and
return the questionnaires anonymously by the next day.
2.5. Questionnaires
The questionnaire was developed by our group and consisted
of the following four sections:
Nurse identification form. This form concerned the nurse's
demographic data, including age, sex, where the nurse
worked, years of nursing experience, years of ICU experience,
level of nursing education, and so on.
Form of evidence-based knowledge about the prevention of
CRBSIs. We designed the questionnaire based on the literature
[8,12e16] and the CDC's CRBSI prevention guidelines [3,4], and
revised the questionnaire after expert consultation and a pilot
survey. The consultants included 10 nurses and 5 doctors in
this field. They rated the relevance of each item on a 3-point
Likert scale (1 ¼ not relevant; 2 ¼ relevant but not necessary;
3 ¼ absolutely necessary). After we revised the questionnaire
according to the experts' ratings, they all agreed with the
questionnaire's clarity and content. The revised questionnaire
was used in a pilot survey with 25 nurses to determine the
difficulty index and discrimination index by item analysis.
Detailed interpretation criteria referred to a previous publi-
cation [12]. Overall, the difficulty index ranged from 0.35 to 0.8,
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insertion method) and item No.9 (replacement of adminis-
tration sets for neither lipid emulsions nor blood products);
these values equaled 0.96 and 0.2, respectively. Although
these two items were too easy or difficult for the respondents,
the items were included in the final version of the question-
naire because they addressed important issues. Most of the
items exhibited a satisfactory discrimination index
(value  0.4), although the value of item No.3 was only 0.10
because it was so easy. The questionnaire had a Chronbach's
value of 0.765 based on the pilot survey.
The final version of this questionnaire included 20 items
which consisted of multiple-choice questions and single-
choice questions. The content of the questions involved
clinical practice such as catheter insertion and maintenance,
prevention of CRBSIs, and so on. Each correct answer was
given one point; a wrong answer did not affect the score
negatively. The maximal score was thus 20 points, whereas
the minimal score was 0 points.
Self-report about nurses' awareness of the guidelines: This part
contained three questions: ‘Have you heard of the guide-
lines?’, ‘Did you receive training for the guidelines?’ and
‘What is the level of your mastery of the guidelines’?
Self-reported barriers to adhere to evidence-based guidelines in
clinical practice. Thiswas amultiple-choice question, “What are
the barriers to adhere to evidence-based guidelines in your
clinical practice?”.
2.6. Data analysis
The SPSS16.0 software package (SPSS Inc., Chicago, IL, USA)
was used to perform statistical analysis. Continuous variables
are described as arithmetic mean ± standard deviation, and
categorical variables are expressed as percentages. The
Student's t test was used to compare scores between two
categories of participants, whereas one-way ANOVA and the
NewmaneKeuls method were used for comparisons of more
than 2 categories. Relationships between total scores and
demographics were assessed by multiple linear regression
analysis. The significance level was set at 0.05.3. Results
Overall, 498 ICU nurses agreed to participate in the study, 472
questionnaires were returned, and 455 were complete. These
455 questionnaires came from 102 nurses from Jiangsu
province, 91 nurses from Hunan province, 30 nurses from
Shanxi province, and 232 nurses from Xinjiang province. The
mean age of the nurses was 27.94 ± 5.16 years.
3.1. Nurses' knowledge about CRBSI prevention
The overall mean score for the 20 questions was 8.17. The
questionnaire and the percentage of correct answers are
shown in Table 1. None of the nurses answered every question
correctly. Incorrect answers were often given to ‘frequency of
changes of administration sets when neither lipid emulsions
nor blood products are administered’ (3.5% correct), ‘fre-
quency of changes of pressure transducers and tubing’ (10.3%correct), ‘frequency of changes of catheter transparent
dressings’ (15.6% correct), ‘the insertion site should be avoided
in hemodialysis patients and patients with advanced kidney
diseases’ (16.7% correct), and ‘use of >0.5% chlorhexidine
preparation with alcohol for disinfecting the insertion site’
(18.0% correct). On the other hand, correct answers were often
given to ‘using ultrasound guidance to place central venous
catheters, which could reduce mechanical complications’
(93.6% correct) and ‘the optimized insertion site in adults’
(81.1% correct).3.2. Factors influencing nurses' knowledge about CRBSI
prevention
Table 2 shows the demographics of the nurses' scores.
Univariate analysis showed that there were no differences in
scores between male and female nurses. However, the scores
varied significantly among regions (p ¼ 0.000), years of
experience (p ¼ 0.001), years of ICU experience (p ¼ 0.001) and
level of education (p ¼ 0.032). The nurses from Jiangsu
province scored significantly higher than the nurses from the
other regions. No significant differences in scoring were found
between the other subgroups. Multiple linear regression
analysis (adjusted R2 ¼ 0.149) identified the region (B ¼ 1.223,
p¼ 0.000), years of experience (B¼0.104, p¼ 0.004) and years
of ICU experience (B ¼ 0.210, p ¼ 0.000) as the greatest
contributors to the scores.3.3. Nurses' awareness of the guidelines
Forty-nine (10.7%) nurses had not heard of the guidelines and
231 (50.7%) nurses did not receive training for the guidelines.
Only 74 (16.3%) nurses believed they fully mastered the
guidelines, whereas 303 (65.6%) nurses knew a little about
the guidelines and 78 (17.1%) nurses knew nothing about the
guidelines. Nurses who heard of and received training for the
guidelines scored higher than nurses who did not receive
training for the guidelines (p ¼ 0.000). Nurses who reported a
mastery of the guidelines scored better than nurses who knew
a little or nothing about the guidelines (p ¼ 0.000).3.4. Barriers to compliance with the guidelines in clinical
practice
When asked what the main barriers were, 57.6% of the nurses
indicated an unfamiliarity with the guidelines and 50.8% of
the nurses indicated a shortage of nurses and an excessive
workload (Table 3).4. Discussion
Adequate knowledge of, and full adherence to, the published
guidelines for the prevention of CRBSIs is important for all
healthcare workers who use catheters, particularly nurses
[16]. The most recent Guidelines for the Prevention of Intra-
vascular Catheter-related Infections was published by the
CDC in 2011 [3,4]; however, there have been few surveys on
nurses' knowledge of these guidelines in China. In this study,
Table1 e Assessment of individual knowledge in the prevention of catheter-related bloodstream infection (percentage of
correct answers) (n ¼ 455).
Questions Correct answers
(number (%))
Q1. In order tominimize infection risk for non-tunneled central venous catheter placement, which site is optimized
in adults?
369(81.1%)
Q2. Which site should be avoided in hemodialysis patients and patients with advanced kidney disease? 76(16.7%)
Q3. What kind of insertion method can reduce mechanical complications when placing central venous catheters? 426(93.6%)
Q4. When should hand hygiene be performed? 257(56.5%)
Q5. What are the correct ways to wash hands? 200(44.0%)
Q6. What are the contents of ‘maximal sterile barrier precautions’ for the insertion of CVCs? 221(48.6%)
Q7. It is recommended to disinfect the catheter insertion site with … 82(18.0%)
Q8. It is recommended to cover up the catheter insertion site with … 104(22.9%)
Q9. What kind of dressing should be used if the patient is diaphoretic or if the site is bleeding or oozing until this is
resolved?
334(73.4%)
Q10. It is recommended to change the dressing on the catheter insertion site when … 121(26.6%)
Q11. It is recommended to change dressings used on short-term CVC sites for gauze dressings every.....days. 97(21.3%)
Q12. It is recommended to change dressings used on short-term CVC sites for transparent dressings every.....days. 71(15.6%)
Q13. What are the correct interventions when changing the dressing? 121(26.6%)
Q14. Is it right for using a 2% chlorhexidine wash for daily skin cleansing, which can reduce CRBSI? 255(56.0%)
Q15.Which situation should a chlorhexidine/silver sulfadiazine or minocycline/rifampin-impregnated CVC be used
in patients?
147(32.3%)
Q16. Is it recommended to replace CVCs routinely? 259(56.9%)
Q17. When neither lipid emulsions nor blood products are administered through a CVC, it is recommended to
replace the administration set … hours interval
16(3.5%)
Q18. It is recommended to replace tubing used to administer propofol infusions every.....hours, when the vial is
changed.
243(53.4%)
Q19. It is recommended to replace pressure transducers and tubing routinely at.... … hours interval. 47(10.3%)
Q20. Is it recommended to administer systemic antimicrobial prophylaxis routinely before insertion or during use of
an intravascular catheter to prevent catheter colonization or CRBSI?
273(60.0%)
Total score Mean ± SDa: 8.17 ± 2.72, range: 1e18
Correct answer according to CDC guidelines (2011).
a SD, standard deviation.
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expert nurses and doctors, who then determined the scales.
We found that the majority of ICU nurses had limited
knowledge of the current guidelines for the prevention of
CRBSIs. The overall mean score on our questionnaire was 8.17
out of 20, which is consistent with previous surveys: 5.5 out of
10 in pediatric ICU nurses [15] and 4.4 out of 10 in emergency
and critical care environment nurses [17]. Thus, there is much
room for improvement in China.
Another finding of this study was that 49 (10.7%) nurses
had not heard of the guidelines, and 231 (50.7%) nurses had
not received training for the guidelines. This is important,
since guideline understanding and training is strongly related
with a lower incidence of CRBSIs [11]. Yilmaz et al. [9] reported
that a training program for healthcare workers who inserted
and maintained intravascular catheters decreased the CRBSI
incidence rate from 8.3 to 4.7 infections per 1000 catheter-
days. Cooper et al. [18] pointed out that evidence-based
education was likely to reduce the incidence of CRBSIs and
save costs. Comer et al. [10] found that a web-based training
course increased clinicians' knowledge of central venous
catheter-associated safety risks; in addition, much of this
knowledge was retained, as test scores decreased only 12%
over 3e4 months. In order to improve nurses' knowledge of
and adherence to evidence-based guidelines, continuous
educational programs for nursing staffs should be imple-
mented in the hospitals.One of the major differences between the CDC guidelines
of 2011 [3,4] and the 2007 guidelines from the Society of
Critical Care Medicine of the Chinese Medicine Association
[19] was the use of >0.5% chlorhexidine-alcohol instead of 2%
aqueous chlorhexidine for disinfecting the insertion site.
However, as >0.5% chlorhexidine-alcohol is not available in
Chinese clinical practice, iodophor is widely used instead.
That may be one reason why only 18.0% of the nurses in our
study gave correct answers to ‘use of >0.5% chlorhexidine
preparation with alcohol for disinfecting the insertion site.’
Another reason may be that half of the nurses (50.7%) never
received training for the guidelines.
Only 3.5% of our nurses knew that in patients not receiving
blood, blood products or fat emulsions, administration sets
should be replaced after 96 hours. In contrast, Labeau et al. [12]
and Cicolini et al. [16] reported that 26.5% and 45.4% of nurses,
respectively, knew this fact. In our study, 10.3% of the nurses
were aware that pressure transducers and tubing should be
replaced at 96-h intervals, consistent with the findings of
Cicolini et al. [16]. Nevertheless, administration sets and
pressure transducers are changed every day in typical Chinese
clinical practice.
Both sterile gauze and transparent, semipermeable dres-
sing are recommended to cover catheter sites [3,4]. However,
only 22.9% of our nurses answered correctly on this topic. In
addition, only 21.3% and 15.6% of the nurses knew the
frequency with which to change gauze dressings and
Table 3 e Frequencies of self-reported barriers to
adherence to evidence-based guidelines in clinical
practice (N ¼ 455).
Barrier Reported barrier
(number (%))
Lack of training 119(26.2%)
Unfamiliar with the guidelines 262(57.6%)
Lack of policy about CLA BSI bundles 70(15.4%)
Lack of standard clinical procedure of
maintenance catheters
61(13.4%)
Lack of policy about CVC nursing records 54(11.9%)
Shortage of nurses and over-workload 231(50.8%)
Lack of rewards and punishments policy 76(16.7%)
Table 2 e General characteristics of respondents'
demographics scores (N ¼ 455).
Characteristics N(%) Scores
(Mean ± SD)
t/F
value
p
value
Gender
Female 439(96.5%) 8.21 ± 2.73 1.379a 0.169
Male 16(13.5%) 7.25 ± 2.49
Region
Jiangsu province 102(22.4%) 10.24 ± 3.09 34.257b 0.000
Hunan province 91(20.0%) 7.09 ± 2.31
Shanxi province 30(6.6%) 6.67 ± 1.90
Xinjiang province 232(51.0%) 7.89 ± 2.28
Years of nursing experience
<5 269(59.1%) 7.76 ± 2.51 4.978b 0.001
5e10 105(23.1%) 8.70 ± 2.80
10e15 39(8.6%) 9.38 ± 3.10
15e20 26(5.7%) 8.73 ± 3.11
>20 16(3.5%) 7.81 ± 2.88
Years of ICU experience
<2 166(36.5%) 7.58 ± 2.51 4.723b 0.001
2e5 169(37.1%) 8.25 ± 2.69
5e10 80(17.6%) 8.93 ± 2.86
10e15 19(4.2%) 8.05 ± 2.86
>15 21(4.6%) 9.38 ± 2.72
Level of education
Secondary specialized
school
24(5.2%) 8.63 ± 2.48 3.467b 0.032
Associate degree 236(51.9%) 7.85 ± 2.35
Bachelor's degree 195(42.9%) 8.50 ± 2.73
a Student t test.
b One - Way ANOVA analysis.
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routinely changed every day in typical Chinese clinical prac-
tice. The results of this survey reveal a large gap between the
guidelines and clinical practice in China. Therefore, nursing
managers should add supplieswhich are recommended in the
guidelines and revise the nursing routines according to the
guidelines.
According to our study, ICU nurses' knowledge of evidence-
based CRBSI prevention guidelines varied significantly with
region, amount of nursing experience, and years of ICU
experience. This contrasts with a previous study [15] which
reported that nursing knowledge was not significantly related
with years of ICU experience or total years of nursing. We
assume that experience can increase knowledge of the best
practices [1,20]. Our study showed the nurses' knowledge was
higher in Jiangsu province than in other regions. China has a
vast territory, and its economic development is imbalanced
among its regions. Hunan, Shanxi and Xinjiang provinces are
in the midwest and northwest regions of China. However,
Jiangsu province is in eastern China, and is more developed
than the other three provinces: medical information is avail-
able more quickly and conveniently, and nursing managers
pay more attention to training and the adherence of clinical
guidelines. Therefore, we suggest that hospital managers in
the midwest and northwest regions of China learn from the
successful experiences of the more economically advanced
regions.
This study revealed several barriers to compliance with the
CRBSI prevention guidelines, including unfamiliarity with the
guidelines, shortage of nurses, excessiveworkload, and lack oftraining. These results are consistent with a prior study [6]
which suggested several barriers to adherence to infection
control policies, such as time, logistics, and lack of
communication of the policies. Our data support previous
suggestions [9] that educational and behavioral interventions
may improve knowledge regarding evidence-based CRBSI
prevention.
Our convenience samplingmay have led to a selection bias
and created a barrier to extrapolating our results. It is quite
possible that the nurses who did not agree to be surveyed had
even less knowledge of the guidelines than did the
respondents. If so, our survey could have overestimated
nurses' knowledge [16]. As participation was voluntary, our
respondents' answersmay not be representative of the level of
knowledge of the entire ICU nursing staff. However, this bias
should be limited with the implementation of the guidelines
for the prevention of CRBSIs.
Overall, our study suggests that ICU nurses' knowledge of
the guidelines is quite low in China, which could be a potential
risk factor for patient safety. There is much room for
improvement, which should be addressed by multidisci-
plinary interventions and continuous educational programs.
Further studies are also needed to identify methods by which
healthcare workers can overcome barriers to compliance with
guidelines for the prevention of CRBSIs and improve the
health of patients.
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